Currently the origin and trajectories of novel traits are emphasised in evolutionary studies, the contribution to diversification in a prominent Australian genus, Hakea (Proteaceae). We Studies that capture patterns of speciation associated with changes in environmental 3 9
conditions provide compelling support for the key role of functional trait shifts in the process 4 0 of evolution by natural selection (Jetz et al., 2012) . Natural selection can induce the evolution mm to the insect-pollination class and >13 mm to the bird-pollination class. We took SND species were obtained from pistil lengths in Barker et al. (1999) .
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Fruit size, as dry fruit weight, was obtained from Groom and Lamont (1997) . If not available 2 0 8
there, the three mean fruit dimensions were obtained from Barker et al. (1999) , converted to 2 0 9
volume and multiplied by mean fruit density in Groom and Lamont (1997) . They were half of species. Postfire response/regeneration strategy was collated from Groom and Lamont 2 1 2 (1996b), Barker et al. (1999) and Young (2006) . Each species was assigned as either a images on the web (especially http://www.flora.sa.gov.au).
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Trait reconstruction through the phylogeny
We used MultiState in BayesTraits (Pagel and Meade 2006) to determine the most likely ancestral traits for the Hakea phylogeny. First, we tested which of the possible models the MCMC method to determine whether pairwise traits evolved in a correlated manner, and
BayesFactor was used to determine the significance of correlation between any two traits 2 2 9
(Pagel and Meade, 2006). Trait reconstruction of fruit size was carried in Mesquite using a 2 3 0 parsimonious procedure (Madison et al., 2007) .
Speciation and trait proliferation rates
Net species diversification rate was calculated as ( and transition rates (see Introduction) were determined for the three periods/epochs and overall by counting their number in each time interval. Where the ancestor was ambiguous 2 4 0 this event was omitted from the counts as the process was unclear. They were then converted Net species diversification rate in the Miocene greatly exceeded that in the Pliocene (9.6×) 2 5 7
and Quaternary (13.5×) and the overall rate was dictated by the Miocene rate as it was the 2 5 8 longest period (Table S1 ). Evolutionary trajectories for two leaf attributes
Trait reconstruction showed that the most recent ancestor (MRA) had broad leaves (P = 0.61)
that were blunt-tipped with smooth margins (P = 0.88) (Fig. 2) . The phylogeny split into 2 6 2 needle (A) (P = 0.78) and broad (B) (P = 1.00) clades by 14.1 Ma. Heteroblasty arose 6.9 Ma. Both clades remained blunt-tipped (P = 0.69, 1.00) but sharp tips emerged in one branch of broad leaves in the Miocene, proliferation of broad leaves accounted for 60% of the 2 6 6 diversification events (Table S1A ). Broad leaf proliferation continued (mainly through Quaternary. Overall, 65% of total proliferations were of broad leaves (mainly stabilization)
with 33 reversals to broad leaves, 30% to needle and 5% to heteroblastic (mainly recent 2 7 0 transitions), with the overall transition rate of non-broad leaves 2.6 times broad leaves. The 2 7 1 evolution of non-broad leaves increased the overall speciation rate by 54%, greatest in the
Miocene. Spiny leaves proliferated at a similar rate as non-spiny leaves in the Miocene but
the rate for spiny leaves declined slightly through the Pliocene and Quaternary due to reducing stabilization but increased slightly among non-spiny leaves due to increasing stabilization (Table S1B ). Reversals were negligible. The transition rate for spiny leaves was twice that for non-spiny leaves, with their advent and proliferation increasing the
diversification rate by 73%.
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Evolutionary trajectories for two reproductive attributes
The MRA of Hakea showed a high posterior probability (P = 0.75) of being insect-pollinated.
The basal split of the genus was accompanied by a shift to bird pollination 14.1 Ma in clade B remained predominantly insect-pollinated. Overall, 78 reversals occurred (Table S1C ). The of bird proliferation events, and increasing stabilization through the Pliocene/Quaternary.
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Bird to insect transitions occurred in the Pliocene but not in the Quaternary. Overall transition
rates for insect and bird pollination were similar, with bird pollination accounting for 30% of 2 8 8 events and promoting speciation by 41%. The MRA had a high probability (by parsimony) of arose 12.1 Ma in clade A and smaller fruits appeared 6.5 Ma in clade B (Table S1D ). In the
Miocene, 19% of events involved transitions to other than medium-sized fruits but
proliferation of medium-sized fruits predominated. Proliferation of small fruits (46% of of non-medium-sized fruits contributed 150% to the stimulation of diversification events. In
the Quaternary and overall, proliferation of medium and non-medium fruits contributed
equally to all diversification events. Only medium fruits were sometimes the outcomes of
reversals; all other transitions were unidirectional with medium→small accounting for 30
events, medium→medium-large/large for 11 events, and medium→medium-large→large for 8 2 9 9
events. Overall, 24% of all events involved transitions to non-medium fruits and their
proliferation accounted for an 88% increase in the speciation rate. Evolutionary trajectories for two fire-adapted attributes
Postfire regeneration of the MRA was via resprouting though the posterior probability was a nonsprouter (P = 0.86) (Fig. 4) . By 12.7 Ma, nonsprouters also evolved in clade A. By the
end of the Miocene, diversification events were spread almost uniformly between resprouters 3 0 6
and nonsprouters (Table S1E ). Transitioning to nonsprouters remained strong in the Pliocene 20% of reversals involved nonsprouters. Serotiny was the MRA with P = 1.00 and both major
clades remained serotinous (P = 1.00). There was an isolated occurrence of weak/nil serotiny 12.1 Ma and five more subsequent origins in clade A but non-serotiny never arose in clade B. Stabilization among moderately/strongly serotinous lineages dominated trait proliferation 3 1 6 throughout hakea's history with limited transition to weak/non-serotiny in the Miocene followed by stabilization in the Pliocene and absence of proliferation in the Quaternary. Overall, stabilization of serotiny was the main process with proliferation of non-serotiny
accounting for 7% of events and it increased speciation by 8%. All transitions were 3 2 0 unidirectional.
Promotion of species diversification
The overall speciation promotional rate (SPR 6 ) induced by the advent of novel traits was given by 1. condition.
Correlated evolution between traits
Correlation analysis using the BayesFactor (BF) showed no relationship between any pairs of 3 3 2 attributes (BF < 1.0) except leaf shape and spinescence, with needle leaves more likely to be Trait reconstruction of the ancestral Hakea phenotype shows it to have been broad-leaved,
non-spinescent and insect-pollinated, with medium-sized, serotinous fruits and resprouting final outcome was almost equal representation of broad and needle leaves and spiny and blunt and large (>5 g) fruits, equal representation of resprouting and nonsprouting, and limited The species diversification rate of Hakea was highest by far in the Miocene than in the more 3 5 5 recent epochs. The Miocene was a period of great climatic upheavals and the speciation rates 2013) (both genera also in Proteaceae) were also an order of magnitude higher then. The same While trait initiation (transition) is a vital step in speciation its incorporation into the clade the transition from broad to needle leaves overall occurred at >2.6 times the rate as the leaves. The net result was the proliferation of broad leaves at 1.85 times the rate of needle 3 6 8 leaves because the ratio of stabilization to transition events among broad leaves was five 3 6 9 times the rate for needle leaves. In theory, only one initiation step is required for
incorporation of a new trait into the clade provided it stabilizes quickly and is not subject to 3 7 1 reversals. Thus, the ratio of stabilisation to transition events is a function of the strength of unidirectional selection associated with a single transition followed by almost universal the phylogeny while reversals depend on the trait. For Hakea leaf shape, 77% of the 43-
recorded reversals were for the recovery of broad from needle leaves rendering transitions to
needle less effective and reflecting unstable selective forces. The relative contribution of period under consideration. constraints, and currently they account for 45% of species so this genus has a strong 3 8 7
propensity to produce them, they should have evolved early in its history and proliferated stabilization leading to 56% of its extant species being needle-leaved. Evolution of needle heteroblastic species over the last 5 My (all from broad-leaved ancestors). The latter appeared 3 9 2 so recently that there have been no opportunities for reversals unlike needle leaves where 3 9 3 reversals to broad have been frequent. These reversals confirm the lability of leaf form among
isobilateral leaves as demonstrated ontogenetically by H. trifurcata whose juvenile leaves are
needle, a few becoming broad at the start of the growing season in adult plants and needle
again as the dry summer approaches (Groom et al., 1994a) .
The dominance of broad leaves and reversals to them require some explanation. Clearly, leaf appearance cannot be attributed to their absence as all were present by this time but they Australia at the time Hakea originated, but these birds only diversified strongly in the mid to would have favored greater transition rates. large number of reversals (78), 60% of which were insect bird insect. This is significant on nectarivores. This lack of specialization in the honeyeater pollination system implies minimal 150 of 362 species being bird-pollinated (Ford et al., 1979) .
Morphological variation in fruit structure among hakeas is exceptional and transition rates path. There were no reversals among small and large fruits indicating strong unidirectional 4 6 3 selection for these extremes. Evolutionary trajectories for fire-related traits
The twin ancestral traits of resprouting (adaptive in the presence of severe, periodic serve well to interpret the relative abundances and distributions of resprouters and
nonsprouters among hakeas, ericas and proteas (Ojeda, 1998; Lamont et al., 2013) .
Promotion of speciation by non-ancestral traits
There are two ways of considering the role of traits in speciation. One is to compare how they diversification events would not have occurred. Thus, it relies on being able to identify both 5 0 7
the ancestral state and its pathway through the phylogeny in order to ascertain trait reversals.
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This means that any extinction events cannot be incorporated into the analysis, but we argued 5 0 9
earlier (see Introduction) that most new traits are adjunct to (as they are spatially displaced),
rather than replace, ancestral traits anyway. Nevertheless, entire but unknown lineages Table S1 . Paired trait evolution in Hakea apportioned among stabilization (trait retained during diversification event) and transition (trait attained during diversification event) processes in each Epoch based on the molecular chronogram reported here. All node-to-node steps in the phylogeny were treated as diversification events. Where the ancestor was ambiguous this event was omitted from the counts as the process was unclear. Reversals refer to transitions back to the previous trait. 
Epoch

